I, INTRODUCTION
Since the pioneering studies of Levy and co-workers on vibrational predissociation (VP) of clusters composed of iodine and several rare gas atoms, I a great deal of research effort has been devoted to this kind of complex. Using supersonic molecular beams to get extremely low temperatures it is possible through the application of optical laser spectroscopy to answer crucial points about the structure and VP dynamics of these clusters. In this way, Levy and co-workers determined, within the accuracy of the experiment, binding energies of the complexes, the dependence of the VP rate on the initial vibrational energy stored in the diatomic subunit, the role of additivity of interactions through the band-shift analysis as the size of the cluster increases, as well as the vibrational distribution of the diatomic fragment after dissociation. Furthermore, by incorporating a second delayed laser which excites the isolated diatomic product to an upper electronic state, and detecting its fluorescence in the case of lighter diatomic subunits than 1 2 , not only vibrational but also rotational distributions were determined, providing additional insight about the structure and dynamics of the systems under study. This technique was successfully applied to systems like X 2 '''C!2' with X=He,2 Ne,3 and Ar4 by Janda and co-workers, and to Ne n '" ICI 5 by Lester and co-workers, for which the congestion in the rotational spectrum of the diatom is not so pronounced as for the case of iodine. Recently, by means of pump-probe/molecular beam methodology using pulses in the subpicosecond scale, real-time experiments for Ne n "'12 (n=2-4) were conducted by Zewail and co-workers,6 examining the pathways for direct VP and for the onset of intramolecular vibrational energy redistribution (IVR) as a function of the cluster size.
From the theoretical point of view, complexes of 12 and two rare gas atoms were studied in the collinear configuration 7 by means of quasiclassical trajectories (QCT) and applying the classical limit of the time-dependent selfconsistent-field (SCF) method, The goal was to elucidate the competition in the flowing of energy from the iodine to each weak bond, Also, assuming a coplanar configuration, QCT calculations 8 (a) as well as quantum ones 8 (b) based on the Fermi's Golden Rule were carried out.
For a nonrotating iodine molecule, and restricting the rare gas atoms to move along a plane perpendicular to the diatomic axis, some calculations were performed for a pure sequential model of fragmentation 9 by using an angular adiabatic plus Golden Rule approach. The branching ratio among this sequential pathway and the double continuum channellO(a) or the dissociation producing two diatomic fragments was also analyzed,lO(b) predicting a dominance of the sequential mechanism. Using quantal distributions l ! to generate the initial conditions, QCT dynamical calculations were performed on 1 2 ,"X n (n=I-9) clusters. 12 In this way, the relative importance of the different fragmentation channels and the incidence of IVR as a function of the number of rare gas atoms were examined, predicting a magic cluster size of n=8.
Recently, Gray and co-workers l3 carried out wave packet (WP) calculations for X 2 '''Cl 2 , X=He and Ne, vdW clusters. They considered a three degrees of freedom model closely related to the one already used,9 obtaining not only a qualitative but, in some features, quantitative agreement with the available experimental data. 2 . 3 Regarding the relative importance of dissociation pathways, their calculations show that the sequential mechanism is operative in both cases, He and Ne, although for the latter the direct fragmentation mechanism is enhanced with decreasing the angle formed by the two weak bonds.
All the above dynamical calculations were performed within some kind of reduced dimension framework. Regarding the calculations of quasibound states required for dynamical as well as spectroscopic studies, several approaches have been reported in the literature, An approximate variational quantum treatment which includes all degrees of freedom for J=O was proposed ll to calculate the bound states of 12"'XY systems (X,Y=He,Ne). Such a model is based on a molecular orbital formalism, involving the approximations of neglecting the iodine rotation and those kinetic coupling terms in the Hamiltonian which are divided by the 12 mass, Recently, Bacic et at. 14 reported exact quantum Monte Carlo calculations on the ground vdW state of Hen" 'C!2 (n =2, 3) complexes. Their results display the floppiness of the He2'''C!2 molecule, in agreement with the analysis of the experimental absorption spectrum,2 and moreover, emphasize the importance of doing exact calculations for such liquid-like molecules. In this sense, and in order to properly interpret the rotationally resolved excitation spectrum of He2···CI2,z variational calculations involving nonzero total angular momenta including all the degrees of freedom have been recently carried out l5 by using a molecular orbital treatment. I I
In this work, we present an alternative way to get not only the ground but also some accurate excited states of tetra-atomic X I'" BC'" X 2 vdW clusters, providing the possibility of interpreting the experimental spectra. In addition, such states can be used to perform several types of dynamical studies of VP, such as QCT/,8(a),12,16,17 WP,13 or hemiquantal l8 calculations. The coordinate system used 9 -13 ,15-17 is expressed in terms of the BC intramolecular vector and bond coordinates to describe the position of the rare gas atoms with respect to the BC center of mass. These non-Jacobian coordinates involve an unusual kinetic coupling term in the Hamiltonian, but both the sequential and the double continuum fragmentation channels are then explicitly described in the dynamical calculations. The dissociation in two diatomic systems may be accounted for,13 but when this mechanism becomes dominant it is more adequate to study the fragmentation dynamics using pure Jacobian coordinates as it has been done for diatomic-diatomic I9 (a),19(b).19(d) and for Ar 2 '''HCI 19 (c) ,19(e) van der Waals complexes. However, in the VP dynamics of the systems under study, the sequential dissociation of the complex is dominant l -4 ,12,13 and the non-Jacobian coordinates are more adapted.
In order to solve the vibro-rotational problem, we choose a body-fixed frame with the BC bond parallel to the Z axis in a similar way as in previous works using Jacobian coordinates. 19 By adopting a variational procedure, we define a basis set composed of products of numerically adapted vibrational functions and angular functions in which the rotations associated to the weak bonds are described in a coupled representation. No restrictions are imposed on the different motions within the cluster, and the Hamiltonian is fully described, including the kinetic coupling term, whatever the total angular momentum considered be. Moreover, the symmetry properties of the Hamiltonian (parity under inversion of all the particle coordinates, permutation in the X I =X 2 , case and interchanging of B and C in the homonuclear situation) are discussed and used to redefine symmetry-adapted basis functions for the cases under study.
For a total angular momentum J=O, numerical calculations on He2· .. Cl2 and Ne2'''I2 are performed. These complexes exhibit very different features. Due to the weakness of the interaction between the light He atoms, the He2"'Cl2 is quite delocalized with respect to He atom positions. In turn, the heavier Ne atoms interact more strongly, leading to a much more localized structure. He2 .. ·CI2 was chosen to serve as a test of the method by comparing with the previous calculations of Bacic et al. 14 In this case, the procedure leads one to deal with matrices of moderate sizes, and convergence is achieved by using standard diagonalization methods. On the contrary, the Ne 2 · .. I 2 system forced us to use prediagonalization techniques and/or recursive methods such as the Lanczos 20 method. The quasibound states obtained for this system are used to generate the necessary initial conditions to perform QCT calculations. 16 ,17
The paper is organized as follows. The general formalism is described in Sec. II, while Sec. III is devoted to discussion of the numerical results. Finally, the conclusions of this work are summarized in Sec. V.
II. GENERAL FORMALISM
We consider a four-particle system composed of two rare gas atoms, XI and X 2 , weakly bound to an ordinary BC diatomic molecule. In spite of its simplicity, it is worthwhile to develop the Hamiltonian for this system in terms of Jacobi coordinates for the diatomic partner and bond coordinates, which go from the BC center of mass (c.m.) to the respective Xl and X 2 atoms.
A. The Hamiltonian
In the total center of mass (C.M.) reference system, the kinetic operator The vectors R j and R2 going from the center of mass of BC to XI and X 2 , respectively, are related to RXI ' R X2 , and R through (4)
M being the total mass of the system. Now, the kinetic operator finally takes the form analogous to that of a light-heavy-light three-particle system 2 ' in which the heavy atom is substituted by a diatomic molecule including its internal kinetic energy.
In addition, the total angular momentum with respect to eM. is readily expressed as J=j+l, +12 where j is the angular momentum of Be while Ii are the angular momenta associated to R i , i = 1, 2 with respect to c.m.
Expressing now the V2 operators in spherical coordinates (see Fig. 1 
The potential V in Eq. (6) for these kind of systems is described by a sum of interactions as
where cos (;Ii=Ri·rlrR i .
B. The basis functions
In a body-fixed (BF) frame in which the Z axis always points in the r direction, we consider basis functions composed of products of radial and angular functions,
The radial function ¢> is in turn a product: (R 2 ) functions are also vibrational basis functions for the R, ,R 2 coordinates and will be specified later on.
The angular function W/'I I Lo(r,R J ,R 2 ) depends on the 1 2 diatomic orientation r=( (;Ir> ¢>,) with respect to a space-fixed (SF) frame, and on the orientations Ri= ( (;Ii' ¢>i) with respect to the diatomic axis. These angular functions are written as'9,22 (11) where D-J.ro constitute Wigner rotation matrices 23 ,24 relating the SF and BF frames corresponding to a total angular momentum J with projections M and n on the ZSF and ZBF axes, respectively. In Eq. (11) Total wave functions with well-defined values of J and M can be written as a linear combination of the basis functions of Eq. (8): (13) with the coefficients A~112LOumn being obtained by solving the Schrodinger equation (14) where Ek are the corresponding eigenvalues. Equation (14) is solved by representing the Hamiltonian in the basis set of Eq. (8) and diagonalizing the reSUlting matrix.
Besides its intrinsic interest, it is worthwhile to consider the symmetry of the Hamiltonian in Eq. (6) in order to reduce as much as possible the size of the matrix to be diagonalized. In addition to overall rotations, the Hamiltonian is invariant under inversion ffJ' * of all the particles in the SF frame. In Appendix A we show that the angular basis functions of Eq. (11) transform as
Thus, we consider the following linear combinations as the angular basis functions: I (16) which are eigenfunctions of g * with eigenvalue p. Therefore, the well-defined parity basis set becomes
If the two rare gas atoms are of the same species, X I =X 2 , the Hamiltonian is also invariant through their permutation .7'12 such that R I <-+R 2 . We obtain (see Appendix A) (18) In this case the basis functions are built up as follows:
and are simultaneously eigenfunctions of (5' *, 9 12 , and 91'2 = g* X 9\2'
In addition, when the diatomic subunit is homonuc1ear, i.e., B=C, the wave function either remains unchanged or changes the sign, by the replacement r--+-r. Let :J'>BC be the corresponding operator. In Appendix A it is shown that (20a) so the parity functions 57 given in Eq. (16) satisfy that
All these symmetry properties of tetra-atomic systems correspond to those previously derived for similar basis functions but using different coordinates. 19
c. Matrix elements
We now evaluate the matrix elements of the Hamiltonian using the basis functions of Eq. (8). For symmetry-adapted basis functions, Eq. (19), the corresponding matrix elements are then readily obtained from the previous ones.
The matrix elements of the P operator are obtained using the relation j=J -L, with L=I\ +1 2 , and introducing raising and lowering operators 22 Therefore, j2 is diagonal in this representation with one exception: it also couples tumbling quantum numbers 0 and O± 1 as it is the case for triatomic systems. 22 For the diatomic rotational energy we get
On the other hand, the IT operator is fully diagonal,22 and the matrix elements of the end-over-end angular term are and a similar expression holds for I~. With regard to the kinetic coupling term it is found that (see Appendix B) 24) with C:} being 6-j symbols and
+s R-
where s=max (l,j) . Note that this term is unable to change v, L, or 0 and only couples states with II = I; ± 1 and 12
terms of Legendre polynomials as so that the matrix elements of, e.g., V x. ,Be are given by (see
-.0 (27) and a similar expression holds for those of V x BC by ex-2' changing II' I; , m, and m' by 1 2 , I~, n, and n', respectively. The coefficients v~m;v'm' in Eq. (27) are
Also, by expanding the VX,Y interaction as
(where cos y=R I ·R 2 IR IR 2 ) the corresponding matrix elements become (see Appendix C)
Dealing with wave functions depending on so many degrees of freedom, it is interesting, in order to get physical insight, to analyze their dependence on only one variable, which involves getting first-order density matrices. For variables on which the wave function explicitly depends, such as R i' i = I, 2, the corresponding distributions are easily obtained as
where d T is the volume element. 
and these averages are analytically calculated from the potential matrix elements discussed above. It is also interesting to get the distribution of p= IR, -R21. Since the wave functions do not explicitly depend on p, it is easier to first obtain the third-order density matrix D(3)(cOS y,R, ,R 2 ) by using Eq. (34) at fixed values of R I and R 2' Then, using the relation Ri+R~-p2
the distribution of p takes the form
where the pl(R I R 2) factor comes from the Jacobian of the transformation of coordinates,
III. RESULTS AND DISCUSSION
In this work, we study two systems: He2· .. CI2 and Ne2"'I2' For the two complexes there are experimental data available l ,2 which give information of the structure as well as about the VP dynamics. The study of their bound and quasibound levels is then important not only because they can serve to interpret structural data but also because these states are required to carry out dynamical calculations. Moreover, as the interactions between the rare gas atoms in the two complexes are quite different, they show different behavior as will be discussed.
We focus our attention on the ground and first excited vdW states of these complexes and, in order to describe these X 2 ,,, B2 systems, we choose functions with eigenvalues p=(-1)J+L+I1+12,PI2=(_1)11+12+L=+1 andpBC=p of the f §' *, 9\2' and 9 BC symmetry operators defined above.
Then, in the angular basis set required for the calculation only even values of L contribute. In addition, we consider the case J =0, for which L is equivalent to the rotational quantum number of the B2 diatomic subunit. The calculation for higher J values can also be performed by resorting to the use of prediagonalization techniques.
With respect to the radial basis set of Eq. (9), we assume here the diabatic approach for the vibrational motion of the diatomic subunit, which has been applied succesfully for triatomic systems. 25 In order to reduce the Hamiltonian matrix size, it is important to carefully choose the (-~) radial functions describing the vibrational motions on R I and R 2' One possible choice would be to evaluate them as discrete solutions of the triatomic Schrodinger equation at a fixed orientation OJ,
e.g., the equilibrium geometry that corresponds, for the systems studied here, to OJ=7T12. However, the basis obtained in this way is limited since only a few bound states are supported by the respective potentials. In addition, this basis should describe well vdW stretching excitations but it may fail in the description of angular excitations. Hence, we resort to divide the interval [0,7T/2] in a number of points (25 in this case), solve Eq. (26) at each configuration (only for the ground level in the present calcUlations), and then orthonormalize these functions through a Schmidt procedure?6 These numerical functions are well adapted and only a few of them were required to achieve convergency for the ground and also some rotationally excited states of the systems studied here. For high excited van der Waals states the size of the numerical basis should be increased and then a discrete variable representation method 27 can result more efficienL 20 (e) The derivatives of the radial numerical functions, present in some of the terms of the Hamiltonian in Eq. (6), are evaluated by using the fast Fourier transform method 28 which has proved to be very efficient and accurate. The expansions in terms of Legendre polynomials of the interaction potentials in Eqs. (26) and (29) were carried out by using Gauss-Legendre quadratures. 29 In order to expand V XI x 2 there are some technical difficulties when R I = R 2 , since the potential reaches infinity as ' Y goes to zero. However, that region is physically forbidden at the energies studied here, the maximun number of Legendre polynomials required in the calculations being limited by the angular basis set to 2/,/,ax, where I,/,ax is the maximum value of II and 12 needed to achieve convergence.
A. He2' "C1 2 system For the Ne2"'C12 complex it was possible to simulate the spectrum assuming the structure of a tetrahedron. 3 Of course, the assumption of a rigid structure does not mean that these van der Waals molecules are rigid, since the interaction between the partners is weak. This approach is adequate as long as the energy difference between adjacent van der Waals levels is much larger than the rotational constants associated with the overall rotation. However, He2, .. Cl2 has been found to be very floppy and models based on frozen geometries do not reproduce the experimental absorption spectrum. 2 This fact was already discussed in detail for He2"·I211 for which the distribution of cPI -<Pz at fixed values of R I and R 2 was much broader and delocalized than the corresponding Ne2'''I2 distribution because the He"'He interaction is much weaker than that of Ne'" Ne. The calculations on the complexes X 2 '" 12 were performed assuming that the iodine molecule does not rotate, which is a good approximation for these systems since 12 IS very heavy. However, for the case of complexes containing Cl 2 this approach can fail, 14. The energies of the first ten levels calculated excluding the kinetic coupling term are also shown in Table I . It is clearly seen that the effect of this term increases with the excitation since the 1 j angular momenta of the He atoms also increase. As the van der Waals potential surfaces for the X and B electronic states of Cl 2 are not very different, the photon absorption cannot populate very high excited van der Waals levels. Therefore, the kinetic coupling term will not have a strong influence on the absorption spectrum. However, in dynamical studies this term can become important since large excitations of 1 j may be reached.
In Fig. 2 the distributions of L and Ii (i = 1,2) are presented for the first two levels (a=O and 1). It is found that for these two levels the distribution in L is the same while the distributions for l j are very different showing that the first excitation corresponds to that of the angular motion of the two He atoms. The radial and angular distributions are shown in Figs. 3(a) and 3(b) for a=O, 1. Those of R j and cos OJ are the same for these two van der Waals levels. They show peaks at R j =3.8 A and 0=7T/2, respectively, but show an important spreading around these values. However, the distributions of p and cos ' Y, which describe the relative mo- A which corresponds to approximately twice the Ri equilibrium distance of each He to the center of mass of the Cl 2 subunit. The configuration at the maximum of all of these distributions corresponds to an almost planar structure with the helium atoms on opposite sides of the CI-CI bond. However, a well-defined equilibrium configuration does not exist since all the angular motions have very large amplitudes and practically all the angular region is available for the He atoms.
The p distribution for the first excited vdW level shows two maxima. The first one coincides with the shoulder of the p distribution for the ground state. The second peak correponds to the planar structure already mentioned. Regarding the distributions of cos y in Fig. 3 (b) these features are also displayed. The distribution for the ground state is closely isotropic, except at the forbidden region around y=O where the two atoms collide.
Although all the He2· .. Cl2 distributions are very broad, that corresponding to the He'" He distance is the broadest, consistent with a simple model in which the two He atoms move keeping constant their distances to the center of mass of the diatomic subunit and on a plane perpendicular to the Cl 2 which is frozen.
Then, the Hamiltonian of Eq. (6) becomes
Due to the dependence of the potential on c!>1 and C/>Z, we consider the following coordinates: where Req is the distance of each He atom to the center of mass of Cl 2 at the maximum of the Ri distribution. In Eq.
(38), the term depending on c!>+ describes the free rotation of the two heliums as a whole, while the remaining terms correspond to their relative motion. Then the associated eigenfunctions are written as (39) Here, the quantum number n is analogous to that in the three-dimensional treatment and only takes integer values. As VHeHe(c!>-)=VHeHe(-c!>-), which corresponds to the permutation of the two He atoms, only even or odd 'II' solutions appear. Since we are considering P 12 = + 1, we expand qr (c!>-) in terms of even functions, for instance, {cos n c!> -} n EN' The energy differences between the ground and first excited van der Waals levels for the exact and model calculations agree fairly well, the values being 1.28 and 1.21 em -I, respectively. In Fig. 4 the square of the first two even eigenfunctions qr+ (c!>-) are shown together with the interaction potential. It is clearly seen that the two eigenfunctions are not restricted to the region of the potential well as their corresponding eigenvalues are positive (Et=0.028 em-I). In addition, there is a nice qualitative agreement when the c!>-probabilities are compared with the distributions of y for the first two van der Waals "exact" levels. This model could be generalized to J",O within an helicity decoupling scheme in which n becomes a good quantum number because it is not able to couple different n values as long as the rotation of BC is not considered. For J",O a more appropriate reduced dimension model would be freezing all the radial coordinates (r, R I' and R 2) at their eqUilibrium values and only solve for the angular motions.
B. Ne2···12 system
For this system there are previous calculations of bound states II where it was assumed that the iodine molecule does not rotate, which it is a good approximation since 12 is very heavy. In this work we make use of the complete treatment presented above, where the assumption made in Ref. 11 is relaxed, and the only approach is to consider a vibrational diabatic scheme for the BC subunit.
The potential surface is based on atom-atom interactions described by Morse functions with parameters listed in Table II . The parameters for the Ne"'I interaction were fitted 30 to reproduce the experimental lifetimes of Ne···I 2 . 31 As was already discussed in Ref. 11, the angular as well as the radiaI motion amplitudes in Ne2'''I2 are narrower than for He2···CI2' This fact implies the use of a larger number of angular functions than for He2'''CI2 but fewer radial functions. For the ground vdW level convergence up to 0.01 cm-I was achieved using a basis set with Ijax=/2'ax=28, L=28, and mmax=n max =2. The resulting Hamiltonian matrix is of the order of 7000 X 7000 and is difficult to diagonalize by conventional methods. The procedure used consists of, first, getting an estimation of the eigenfunctions (which usually gives quite a good description) by diagonalizing a reduced Hamiltonian matrix (typically of the order of 3000 X3000). In this case, this first diagonalization includes all the basis functions of Eq. (8) up to the limiting values II = 12 = 16, L = 16, and m = n = 2. In a second step, we make use of the iterative Lanczos technique 20 with larger basis sets. In this method, the Lanczos algorithm is used to generate a subspace of eigenfunctions of the Hamiltonian in a recursive way from a particular initial guess. The Hamiltonian represented in this subspace is a tridiagonal matrix which is easily diagonalized by standard numerical techniques. 28 The ground-state function obtained is then used again to generate a new subspace, and this procedure is continued until the residue (overlap between the wave functions before and after each diagonalization) is smaller than a given criterium. In Fig. 5 we show how both the residue and the energy converge as a function of the iteration.
The energy of the ground vdW level for v = 17 is -147.20 cm-I and is about one wave number lower than the corresponding simple addition of 2D o (Ne"'I 2 )+D o (Ne"'Ne)= -146.16 cm-I , suggesting that the Ne···Ne interaction is mixing Ne···I 2 triatomic levels in the tetra-atomic system. The first excited level appears at -133.52 cm-I, which is close to 2D o (Ne"'I 2 ) plus the first Ne"'Ne excitation of =-1.88 cm-I . Hence, as in the He2" ·Cl 2 system, the first excitation corresponds to that of the Ne-Ne relative motion.
The probabilities for each value of L and I j of the vdW ground state are presented in Fig. 6 and are much broader than those of He2,"Cl2' In particular, the distribution of Ij clearly indicates that the distributions of the cf>j angles are less isotropic than for He2· .. Cl2, and this fact can be viewed in the distribution of cos 'Y shown in Fig. 7(a) which is located at Y='TT'/4. Also, the distribution of cos 8 j in Fig. 7(a) is narrower than that of He2"·Cl2 and is located around 'TT'12. The radial distribution of R j is narrower than the corresponding to p, see Fig. 7(b) , since the Ne"'I 2 interaction is stron- sr--.----------r---------,- 
FIG. 4. Square of the first two levels obtained using the simple model of Eq. (38), in arbitrary units. The He-He interaction potential (in em-I) is also plotted.
ger than the Ne···Ne one. All of these distributions are very localized whiCh explains why the experimental absorption spectra can be well reproduced assuming a rigid tetrahedric structure for complexes containing two Ne atoms. 3
The simple, reduced dimension model used for He2· .. CI2 can more properly be applied to Ne2· .. I2' Thus, the first two levels calculated, 'l't and 'l't , at -17.00 and -2.57 cm -I, respectively, compare very nicely with the energies of free Ne2 which are -16.56 and -1.88 cm -I. The energies corresponding to the Ne"'Ne motion in Ne2· .. I2 are lower than those of free Ne2' in agreement with the complete treatment.
In Fig. 8 the square of '1'; (a=O,l) are presented. They confirm that the relative angular motion of the two Ne atoms is constrained to a small region which is completely different to the He2" ·C1 2 case. The equilibrium value for the first level corresponds to cf>-= 'TT'/4 which is consistent with the eqUilibrium value of the 'Y distribution in Fig. 7(a) . This model explains in a very simple way the different behavior found between the two complexes studied here.
IV. CONCLUSIONS
In this work we have presented a full quantal treatment to obtain bound states of van der Waals clusters of the type X I · .. BC···X 2 . Local coordinates have been chosen to describe the relative motions of the rare gas atoms with respect to the center of mass of Be. In a body-fixed frame in which the Z axis lies parallel to the BC internuclear bond all the symmetries are taken into account. Furthermore, the matrix elements of the kinetic coupling term, appearing when using local coordinates, are explicitly given. The potential surface is approximated by a sum of atom-atom pairwise interactions which is very accurate to describe complexes with He and/or Ne since these atoms are very slightly polarized and three-body terms may be neglected. For complexes containing Ar atoms some three-body terms have been reported (e.g., for Ar 2 ·"HCl in Ref. 19 ) and they can be incorporated. The present treatment has been applied to the study of He2-"Cl2 and Ne2--·I2 for J=O, calculating the ground as well as some excited van der Waals levels. It has been found that the two systems studied show different behavior. For the case of Ne2---12' the frequencies associated with the van der Waals modes are larger than the overall rotational constants of the complex, which explains why the experimental absorption spectra are well reproduced assuming a structure of a tetrahedron for these kind of systems. 3 However, in He2· .. CI2 the relative motion of the two He atoms is almost free and its associated frequency is of the order of the rotational constants of the whole system. This is the reason why the experimental absorption spectra for such systems 2 cannot be reproduced by models based on a frozen structure. A simple model, in which the diatomic subunit motions are frozen and the two rare gas atoms move in a plane perpendicular to the BC intermolecular axis, is presented and used to make a comparative study of the two systems. It is found that the different behaviors are very nicely reproduced.
The energies and distributions obtained through the formalism presented here can be used to generate initial conditions for QCT calculations on the VP dynamics of these com-. d ' b . l' d t N I 16,17 plexes. ThIS proce ure IS now emg app Ie 0 e2---2'
A complete quantum approach for the dynamics is still far from being possible since there are too many degrees of freedom. However, restricted geometries can be assumed to perform dynamical calculations on VP of Ne2' --1 2 , as has done for Ne--·I 2 · .. He 9 and Ne2 .. ·CI2.13 ACKNOWLEDGMENTS o* [Y I v( 8,<p) 
1112LO
Ili2L-O·
9"'12
In the X I =X 2 case, the permutation operator ..:1'12 acts on the basis functions of Eq. (8) 
Substituting Eq. (B3) in Eq. (B2) and using the explicit value of (~ 6 ~') one finds \ 2: (-1) v<cI>{~2LovmnIVV)V~UcI>:~, L'O'v'm'n') 
~}
Considering the orthogonality relationship of the 3-j symbols the bracked term in Eq. (B4) symplifies leading to Eq. (24) .
APPENDIX C: MATRIX ELEMENTS OF POTENTIAL TERMS

VX/,BC
Concerning triatomic interactions, e.g., V Xi ,BC' by considering its expansion in Legendre polynomials, Eq. (26), which in tum can be expressed as spherical harmonics, and by using the integral 
V x , ,x 2
Starting from the expansion in terms of Legendre polynomials, Eq. (29), and using the spherical harmonic addition theorem 23 and the integral over three spherical harmonics, Eq. (CI), we have 
